Abstract-Sensory hair cells of the inner ear are susceptible to damage from a variety of sources including aging, genetic defects, and environmental stresses such as loud noises or chemotherapeutic drugs. Unfortunately, the consequence of this damage in humans is often permanent hearing/balance problems. The discovery that hair cells can regenerate in birds and other nonmammalian vertebrates has fueled a wide range of studies that are designed to find ways of restoring hearing and balance after such damage. In this review, we will discuss some of the key recent findings in sensory hair cell regeneration and what they mean for audiologists and other hearing healthcare practitioners.
INTRODUCTION
The auditory and vestibular systems are two complex sensory systems in the inner ear that help us regulate our hearing and balance. Hair cells are the mechanoreceptors in the inner ear that detect sound, head movement, and orientation in space. Aging, genetic defects, and environmental stresses such as loud noises or exposure to chemotherapeutic drugs (e.g., cisplatin, aminoglycoside antibiotics) can lead to significant hearing and balance deficits in humans due to loss of or damage to these cells. Researchers have proposed regenerating these sensory cells as a means of restoring hearing and balance in humans. Scientists once believed that warm-blooded animals had a full complement of hair cells at birth, and when they were lost, the loss was permanent. In the late 1980s, however, several studies demonstrated that birds could regenerate their sensory hair cells [1] [2] [3] [4] . More importantly, other studies demonstrated that the regenerated sensory hair cells were functional [5] [6] . Fifteen years later, the regeneration phenomenon is better understood, but the signaling mechanisms that regulate hair cell regeneration remain unknown. This review will discuss some of the latest findings and techniques of the study of hair cell regeneration and what they mean for audiologists.
The sensory epithelium of the inner ear is composed of two different general cell types: sensory hair cells and nonsensory supporting cells (Figure 1 ). There are several types of sensory hair cells in the mammalian inner ear, depending on whether you are examining the auditory system (inner and outer hair cells) or the vestibular system (type 1 and 2 hair cells), which can be distinguished by their location in the organ, their different morphologies, and the type of neurons that innervate them. There are also different types of supporting cells found within the mammalian auditory system (e.g., Deiters' cells, pillar cells).
Scientists have yet to find morphological, molecular, or physiological differences between the different types of supporting cells in the vestibular system. One major difference between the two sensory systems is that the hair cells in the mammalian auditory system do not regenerate, whereas the hair cells in the vestibular system of both mammalian and nonmammalian species exhibit a low level of regeneration [7] [8] .
Many events occur when hair cells in the inner ear are damaged or killed. For instance, when hair cells in the sensory epithelium are damaged with a sublethal stimulus, data from amphibians and mammals suggest the sensory epithelium repairs itself [9] [10] [11] . Dying hair cells undergo a form of cell death called apoptosis [12] [13] and are either ejected from the sensory epithelia [14] or engulfed by neighboring cells. Following the death of the hair cells, neurons from the auditory nerve retract. When hair cell damage or death occurs in birds, some signal from the dying hair cell triggers the neighboring supporting cells to either proliferate or transdifferentiate into immature hair cells. The cells then need environmental, molecular, or genetic cues to differentiate into hair cells. Finally, nerve fibers from the auditory nerve reconnect the hair cells to the central nervous system so the bird can process the sensory information. Unlike birds, proliferation or transdifferentiation of supporting cells into hair cells does not occur spontaneously in mammals after hair cell death or damage.
SUPPORTING CELL PROLIFERATION OR TRANSDIFFERENTIATION: WHICH IS THE BEST WAY TO POPULATE THE SENSORY EPITHELIUM?
Over the past 15 years, two different mechanisms have been proposed for sensory hair cell regeneration in avian and other nonmammalian species (Figure 2) . Many Higher magnification of middle turn of cochlea (box in (a)) with 3 outer hair cells (arrow heads), inner hair cell ( ), VIIIth cranial nerve (VIII), and basilar membrane (bm) shown. Sensory epithelium from (c) undamaged and (d) gentamicin-damaged basilar papilla is shown. bm separates stroma(s), which contains auditory nerve (an), from supporting cells (sc) that span entire sensory epithelium and have basally located nuclei. Tall hair cells (thc) occur on superior region and short hair cells (shc) reside on inferior region of organ. Both types of hair cells reside near lumenal surface; have apical stereocilia (arrow), which abuts tectorial (T) membrane; and have nuclei located toward lumen. Gentamicin-treated hair cells have pyknotic nuclei. studies indicate that the supporting cells adjacent to the dying hair cell receive a signal that activates them, such as when the extracellular-matrix connection between hair cells and supporting cells is broken [15] . The supporting cells then migrate through the sensory epithelium and regenerate by cell division (i.e., mitosis) [7, . During mitosis, one or more daughter hair cells are generated either through symmetrical differentiation, which produces two hair cells or two supporting cells [18, 24, 41] , or asymmetrical differentiation that produces one hair cell and one supporting cell (Figure 2(a) ) [27, 31, 38, 41] . Alternatively, hair cells might convert or transdifferentiate from neighboring supporting cells through nonmitotic mechanisms (Figure 2(b) ) [33, [51] [52] [53] [54] [55] . Transdifferentiation is defined as an alteration of gene expression in a particular cell that changes the fate of the cell. Traditionally, mitotic transdifferentiation has been termed "regeneration," and the conversion of a supporting cell to a hair cell through nonmitotic means has been termed "transdifferentiation." Although the transdifferentiation of supporting cells through nonmitotic means may seem to be a simpler way of replacing dead hair cells than stimulating local cells to reenter the cell cycle, such nonmitotic sensory cell replacement could significantly alter the structural integrity of the sensory organ. For example, if local, resident supporting cells transdifferentiated into hair cells, without replacing themselves, then the mechanical structure of the organ of Corti could be compromised. On the other hand, if nonresident cells within the sensory organ could transdifferentiate into hair cells and migrate to the appropriate position to replace lost hair cells then this nonmitotic mechanism could be quite effective. Although all nonmammalian vertebrates regenerate hair cells, two critical questions remain unanswered: Why have only mammalian vestibular hair cells shown any capacity for regeneration? Why are hair cells in the auditory portion of the inner ear apparently unable to regenerate after damage? As previously mentioned, the supporting cells in the mammalian cochlea undergo terminal mitosis during embryogenesis, but the supporting cells in the mature mammalian vestibular system retain some limited capacity to regenerate [7] [8] . Several different approaches have been taken since the discovery of avian hair cell regeneration to induce these normally quiescent supporting cells in the auditory portion of the mammalian inner ear to regenerate. The most successful approaches include the use of growth factors, stem cells, and the manipulation of specific genes. These approaches are discussed in the following.
MOLECULAR AND GENETIC APPROACHES TO STUDYING HAIR CELL REGENERATION

Growth Factors and Immune Response Following Trauma
When hair cells are killed or the sensory epithelium is traumatized, macrophages and other leukocytes are recruited to the damaged region within hours of the trauma [56] . Macrophages are a type of leukocyte, or white blood cell, that are sometimes recruited to sites of injured tissue and may be involved in initiating wound healing and repair [57] . Resident macrophages recognize and destroy dying cells by engulfing them [58] and many secrete substances that may influence cell function [59] . Although the functional role of macrophages in the inner ear is unknown, numerous studies have demonstrated that macrophages and leukocytes reside in the undamaged sensory epithelia of the inner ear and are recruited to traumatized areas prior to the initiation of supporting cell proliferation [31, 45, 56, [60] [61] [62] [63] [64] [65] .
Some scientists have hypothesized that macrophages and other leukocytes produce growth factors or cytokines that may trigger hair cell regeneration. Growth factors are substances that promote cellular growth and survival. Some growth factors are also known mitogens that promote proliferation through cell division. Investigators have used growth factors, either individually or in combination, to determine if they can promote mitotic regeneration. The most commonly cited growth factors used to promote hair cell regeneration include fibroblast growth factor, insulin-growth factor, brain-derived neurotrophic factor, epidermal growth factor (EGF), and transforming growth factor α (TGF-α) [6] . Some of these growth factors have had limited success in stimulating supporting cell proliferation in the mature mammalian sensory epithelia. For instance, a cocktail containing TGF-α, insulin, and the mitotic tracer tritiated-thymidine was infused into the inner ears of rats to determine if the growth factor could stimulate the supporting cells to divide and produce differentiated postmitotic hair cells [50] . Tritiated-thymidine is one of the building blocks or bases that make up DNA and is incorporated into dividing cells where it can be detected with the use of autoradiography. Thus, the investigators could evaluate through autoradiography whether infusion of the drug cocktail resulted in new, mitotically generated hair cells. These investigators found that new hair cells were generated in situ by means of a mitotic mechanism in adult mammals (some hair cells had incorporated the tritiated-thymidine), but only a small subset of the supporting cells retained an intrinsic capability to proliferate. This study suggests that while these growth factors may be able to stimulate some supporting cells to mitotically transdifferentiate into hair cells, they could not stimulate the full regenerative capacity of all of the supporting cells within the inner ear.
Stem Cells
Recently, the use of stem cells to repair damaged neurons or prevent degenerative diseases has been a high-profile topic in the news media. Stem cells are a type of cell with the capacity to self-renew and differentiate into a variety of cell types. Different types of stem cells have been identified in mature mammals [66] . Supporting cells found in the mammalian vestibular system, but not in the auditory system, have the capacity to selfrenew and differentiate into hair cells. But since growth factors have not stimulated significant numbers of supporting cells to proliferate in the mature mammalian inner ear, one critical question needs to be addressed: Are supporting cells in the mammalian sensory epithelia actually stem cells? When cells are isolated from the sensory epithelia of the adult mouse utricle (a vestibular organ), they produce proliferating cellular spheres [67] . These spheres self-renew and produce cell types with the morphological characteristics and biological markers of hair cells (e.g., myosin VIIA and Brn-3.1) and supporting cells [e.g., p27(kip1)] [67] . Therefore, in light of current cell biology definitions, some scientists may classify the utricular supporting cells as stem cells. Many other questions remain about the use of stem cells. For instance, since the supporting cells in the normal mouse utricle proliferate at a very low level, what are the molecular and environmental cues that make activation of these cells possible when isolated in culture? More importantly, will activation of these cells be possible in vivo?
Another potential source of stem cells is embryonic animals. Recently, mouse embryonic stem cells were implanted into chicken embryos, where they matured and were integrated into the inner-ear's sensory patches [68] . Moreover, when fetal-mouse neural stem cells were transplanted into the mouse inner ear after drug-induced injury, some of the grafted cells differentiated into glial or neural cells while other cells integrated into the vestibular sensory epithelia and expressed hair cell markers [69] . It is not clear whether the newly generated cells formed the neural connections necessary to restore hearing and balance.
Genetic Controls Regulating Supporting Cell Proliferation
The supporting cells in the auditory system undergo terminal mitosis during embryogenesis [7] [8] . Specific genes may play a role in supporting cell proliferation and hair cell development: a fact that may eventually be applied to hair cell regeneration studies. For instance, correct timing of the end of the cell cycle in the developing organ of Corti requires a cyclin-dependent kinase inhibitor called p27(Kip1). p27(Kip1) inhibits the progression of the cell cycle. When the p27(Kip1) gene is "knocked out" in mice, it results in ongoing supporting cell proliferation in the embryonic and mature organ of Corti well after mitosis in the sensory epithelia normally ceases [70] [71] . Moreover, there are supernumerary hair cells and supporting cells in the organ of Corti [70] . Mice that have had the p27(Kip1) gene knocked out never hear normally (more hair cells does not necessarily mean better hearing) and die prematurely. The presence of p27(Kip1) is critical to limiting the number of hair cells produced; when it is not present, hair cell number increases. Therefore, if this information is used for future therapies, we will need to understand how to manipulate this inhibitory gene to initiate the cell cycle and also to regulate the number of hair cells produced.
Mammalian Atonal Homolog 1
Once supporting cells in the ear are induced to proliferate, other signals are needed to differentiate the proliferating cells into hair cells. One particular signal mammalian atonal homolog 1 (Math1) has received a lot of attention recently since it is required for hair cells to differentiate [72] [73] . In developing animals, hair cells express Math1, while nonsensory supporting cells do not. Genetically altered mice deficient in Math1 fail to develop both sensory hair cells and supporting cells [72] [73] . Moreover, supernumerary hair cells are generated when Math1 is overexpressed in mouse ear cultures [74] . Math1 determines cell fate within the cochlea. When Math1 is present in the cochlea, some cells become hair cells and have the morphologic and genetic attributes of mechanosensory hair cells; when it is absent, they do not.
One way of manipulating gene expression within cells is to use viruses. Scientists have used virally mediated vectors (i.e., adenovirus and herpes simplex virus) to efficiently transfer specific genes, such as growth factors or transcription factors, into hair and supporting cells [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] . Several adverse side effects to the use of adenoviruses in transgenetic expression that can limit their use include cytotoxicity, immune responses, nonspecific infection, and damage to hair cells, [85, 90] . When the mature guinea pig ear is inoculated with an adenovirus that over expresses Math1 via the endolymph, the over expression of Math1 is found in the organ of Corti in nonsensory cochlear cells and immature hair cells [91] . The interpretation of this is that nonsensory cells within the scala media have received the Math1 "signal" to change their fate and become hair cells. In this study, axons extended from the auditory nerve toward the newly generated hair cells, which suggests that the new cells attracted the neurons. Therefore, we now have evidence that nonsensory cells in the mature mammalian cochlea may retain the ability to generate new hair cells and that Math1 is sufficient to direct these cells to differentiate into hair cells. One recent study supports the conclusion that nonsensory cells in the mammalian cochlea retain the capacity to become hair cells if given the appropriate local environment and genetic cues. These researchers established a dissociated cell culture system in which sensory hair cells and supporting cells were generated from resident nonsensory cells [92] . They incorporated a Math1-green fluorescent protein transgene, which is expressed exclusively in hair cells, so that the hair cells would be easily detected with a fluorescent microscope, and they determined that EGF and periotic mesenchymal cells were required for the growth and differentiation of hair cells in culture. The periotic mesenchyme consists of mostly undifferentiated mesoderm that surrounds the ear and that, under normal circumstances, gives rise to a variety of structures and cell types including connective tissues, blood, bone, and cartilage.
Genomics
Investigators have started using microarrays to identify specific genes whose roles promote cell proliferation and differentiation in the inner ear [93] . Microarrays are used to survey the expression of thousands of genes that are likely to be expressed in a particular tissue at a particular time under a particular set of conditions. The arrays consist of a large number of fragments of genes (e.g., complementary DNAs or oligonucleotides) that are immobilized on the surface of a glass chip or other surface such as plastic or silicone. Once the "chip" is constructed, the target messenger RNA that is taken from the tissue of interest under specific conditions is labeled with a fluorescent dye and then placed on the chip, which is scanned with a laser. The intensity of the signal produced by 1,000 molecules of a particular labeled transcript should be twice as bright as the signal produced by 500 molecules. Therefore, scientists can measure the expression pattern of many genes in a particular sample simultaneously and determine if a particular gene is turned "on" or "off."
Microarray analysis has been used to study inner-ear genes in mice, rats, and chicks [94] [95] [96] [97] . To gain insights into the genetic programs that govern the regenerative capacity of hair cells, researchers have compared gene expression profiles of sensory epithelia taken from chick utricles and basilar papillae (cochlea) [97] . One important assay during microarray analysis is determination of the presence of transcription factors-proteins that are required to initiate or regulate gene transcription or activity. Of the many genes screened, about 600 transcriptionfactor genes are active to some degree in both vestibular and auditory end organs. Interestingly, about 40 transcription factors are active in one but not the other end organ. These differences in the presence of genetic transcription factors may be helpful in identifying fundamental differences between the normally quiescent auditory sensory epithelium and the mitotically active vestibular sensory epithelium. Although many genes have been identified using this approach, it does not guarantee that the genetically controlled proteins are produced or functional. If, however, a difference in transcript abundance is observed between two or more conditions, it is natural to infer that the difference might point to an interesting biological phenomenon. Therefore, scientists have only begun to determine what role these genes play in regulating hair cell development and regeneration.
FUNCTIONAL STUDIES EXAMINE COMPLEX BEHAVIORS
Once scientists discovered that birds could regenerate their sensory hair cells, the next logical question was, "Are the regenerated cells functional?" Not only do the supporting cells need to differentiate into hair cells, but the newly differentiated hair cells also need to grow stereocilia bundles, form appropriate ion channels for transduction, and be reinnervated by the auditory nerve fibers to connect the sensory receptor to the central nervous system. The animals must also be able to access the new sensory information and use it to make behaviorally meaningful responses. Two well-written reviews that cover functional recovery following sound-and druginduced damage have been published [5] [6] .
Although numerous studies have examined the physiology of recovered sensory hair cells, few studies have examined the complex properties of perceptual processing and behavioral plasticity after hair cell regeneration. Compensatory behaviors such as oculomotor, gaze, and postural responses that occur during movement largely depend upon a functioning vestibular system. The vestibular ocular reflex and the vestibular colic reflex disappear after hair cells in the crista of the semicircular canals are killed with aminoglycoside antibiotics [98] [99] [100] [101] [102] [103] . These reflexes, however, reappear as the hair cells regenerate [99] [100] [101] [102] 104] . More recently, Dickman and Lim trained adult pigeons to run along a long chamber and peck an illuminated key to receive a fluid reward [105] . Multiple behavioral measures for assessment of performance, posture, and head stability were quantified. Once normative values were obtained, the animals received aminoglycoside antibiotics that killed the sensory hair cells in the vestibular system, which resulted in severe postural and head instability. As the regeneration process progressed, the tremors and head shakes diminished and spatial orientation and navigation ability improved to pretreatment levels.
In the auditory system, recognition and production of vocal signals depend on hearing and are necessary for communication. Dooling and his colleagues used budgerigars (Melopsittacus undulatus [Australian parrot]) to examine the return of complex auditory perception and vocal production after hair cell regeneration [106] [107] . Budgerigars mimic sounds and readily learn new vocalizations throughout their lives, which has been likened to language acquisition in humans. The birds were trained to precisely match their vocalizations to specific acoustic templates. Aminoglycoside antibiotic treatment induced a high-frequency hearing loss, which disrupted both auditory perception and vocal production. Behavioral tests of auditory sensitivity showed that audiometric thresholds returned to near (within 20 dB) normal levels within 4 weeks. Difference thresholds for frequency and intensity returned to normal levels as well. More complex perceptual tasks, such as vocal call discrimination/recognition, took much longer (up to 5 months) but returned to normal levels after hair cell regeneration. Precision in vocal production initially declined but was restored to pretreatment levels well before the full recovery of auditory function. These data suggested that relatively little acoustic feedback from a few regenerated hair cells was necessary to effect full recovery of vocal precision. These results may have particular relevance for understanding the relationship between hearing loss and human speech production especially where an auditory prosthetic device, such as a cochlear implant, is being considered.
Woolley and her colleagues conducted another series of studies that examined complex communication behavior in Bengalese finches [108] [109] [110] [111] . Male Bengalese finches are songbirds that learn a single sequence of "syllables" early in life and reliably produce the same song throughout their lives. After recording each animal's song and verifying its stability, researchers treated the birds with a combination of sound exposure and aminoglycoside antibiotics to cause hearing loss, and the songs rapidly deteriorated [112] . As hearing was restored by hair cell regeneration, which was assessed by auditory brainstem responses [109] , the song returned to its preexposure structure [110] . Restoration of hearing allowed each bird to access a stored "template" of its own learned vocalization and gradually match its new vocalizations to this stored memory.
SUMMARY AND CONCLUSIONS
The hair cell regeneration phenomenon has been well documented in nonmammalian species. We are just beginning to see the fruits of our efforts to induce hair cell regeneration in the mammalian cochlea. While inherent genetic inhibitory controls prohibit spontaneous hair cell regeneration in mammals, recent discoveries suggest that the use of externally introduced factors and/or stem cells may override this inhibition. Advances in genomics, adenovirus gene therapy, and stem cell technology have raised hope that perhaps a cure for sensorineural hearing loss will be found. A safe and effective means of delivering genes and/or stem cells needs to be developed for these therapies to be of any clinical relevance. Moreover, being able to direct stem cells and adenoviruses to the correct locations for promotion of supporting cell proliferation followed by hair cell differentiation is paramount to the return of function. Future studies of the molecular and genetic mechanisms of hair cell regeneration in mammals are likely to focus on these important issues. Finally, the impact of induced hair cell regeneration on neural connections and the brain will need to be understood in order for researchers to predict the ultimate impact of mammalian hair cell regeneration on the restoration of the complex mechanisms that are involved in hearing and understanding human speech.
This review article has addressed the current state of basic science in regard to the status of hair cell regeneration in mammals. While this information is vital to initiating some form of therapeutic advance, it is relatively far removed from everyday clinical practice. Nevertheless, forward-thinking clinicians have questions about the impact of future therapies on their clinical practice. Significant among these questions are: When will hair cell regeneration be a reality for patients? What will the measures of candidacy be? What will the impact of hair cell regeneration be in patients who are or have been candidates for hearing aids or other amplification devices? Will hearing aids or cochlear implants continue to be necessary in the face of hair cell regeneration?
The first of these questions, what is the time frame for human hair cell regeneration therapy, has been asked since the first papers on hair cell regeneration were published in 1988. The answer to the question then was that we have to discover whether the possibility to regenerate hair cells in any mammal exists before we can address issues of human therapy. We now know that it is possible to regenerate hair cells and many other cells in the inner ear of mature mammals, at least to a limited extent. This is a huge step forward, but not large enough for us to begin regenerating hair cells in humans. The next important question to be answered is this: Is mammalian hair cell regeneration sufficiently safe and robust enough to restore hearing and balance function? The fact that regeneration of avian hair cells results in the restoration of hearing sensitivity, complex perception, and vestibular function is promising for the future potential of hair cell regeneration for restoring hearing and balance function in mammals.
The question of candidacy for hair cell regeneration therapy must be considered in light of our understanding of the mechanisms of hair cell regeneration. Hair cell regeneration occurs spontaneously in birds immediately after damage and cell loss. Therefore, research in birds has done little to increase our understanding of the effects of hair cell regeneration on the restoration of hearing in the face of long-term hair cell damage and hearing loss. So, we can say little about the influence of the duration of hearing loss or cochlear damage on candidacy for hair cell regeneration treatments. However, since our experience with cochlear implantation in adults with longstanding hearing loss has been positive, it seems likely that duration of hair cell loss will not obviate potential treatment with hair cell regeneration.
Studies of hair cell regeneration in Belgian Waterslager canaries with genetic, progressive deafness [113] [114] show that hair cell regeneration neither fully restores the number of hair cells nor restores hearing. In this species, the genetic disorder appears to be localized to the hair cells themselves; the auditory nerve fibers are minimally affected [115] [116] . Therefore, hair cell regeneration may not be a viable therapy in mammals or humans with genetic abnormalities at the level of the hair cell. More research on the influence of existing genetic abnormalities on hair cell regeneration is needed to more fully answer questions of candidacy in patients with genetic inner-ear abnormalities.
Once regeneration has been stimulated in birds, other structures within the ear also appear to repair themselves [117] . Recent evidence in mature mammals has shown that stem cells have the potential to regenerate several cell types within the cochlea [13, 118] . It is certain that the regeneration of more than one cell type, such as both hair cells and supporting cells, will be more complex than the regeneration of a single cell type. This is particularly true if cell differentiation is primarily guided by genetic cues as opposed to local environmental cues. Therefore, it will be essential to understand the structural integrity of the cochlea prior to treatment with regenerative therapy. Research on the structural consequences of inner-ear diseases and toxins will be critical to this endeavor. The prognosis for restoring hearing through hair cell regeneration will certainly be influenced by the inherent structural integrity of the cochlea. However, based on what we have learned from cochlear implant research, it seems likely that damage to cells other than hair cells will not necessarily preclude the possibility of treatment with regenerative therapy.
Finally, some clinicians have questioned the impact of future regenerative therapies on their patients who have been treated with amplification devices or cochlear implants. Will hair cell regeneration eliminate the need for hearing aids and cochlear implants? The short answer to this question is "No." Hair cell regenerative therapies are unlikely to restore full function to the cochlea. If the potential for safe initiation of hair cell regeneration in humans does become a possibility, the first attempts will probably result in incomplete replacement of all structures necessary for normal hearing. Even this incomplete replacement, however, could be very good news for both audiologists and patients with sensorineural hearing loss. Patients who have such severe hearing losses (very severe to profound corner audiograms, or severe to profound sharply sloping high-frequency hearing loss) that they are difficult to fit with hearing aids could benefit greatly from the restoration of just a few hair cells. The addition of a few hair cells that are connected to the appropriate neural fibers might increase sensitivity to the point where amplification could be useful. Therefore, hair cell regeneration therapy might increase the number of patients who benefit from amplification. We predict that restoration of some outer hair cells might result in an ear with better tuning and less loudness distortion for those with less severe hearing loss but with unsatisfactory results from hearing aids.
It seems hard to imagine that improved medical treatment of sensorineural hearing loss, through therapies such as hair cell regeneration, could be anything but positive for audiologists and the patients whom they treat. Further research into the basic cellular, molecular, and genetic mechanisms of hair cell regeneration is always done with an eye for transferring the results into clinical practice and can only have positive potential outcomes for veterans and all patients with permanent sensorineural hearing loss.
